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ABSTRACT 


The field of automated vehicle technology is developing rapidly developing. 
While it is likely to be many years before self-driving cars are commercially 
viable and used in a wide range of conditions by the general public, 
technological advances are speeding along the automated technology 
continuum towards this destination. Automated vehicle technologies troth 


with significant social benefits such as reduced injuries and deaths, increased 
road efficiency, mobility. Automated vehicles can improve traffic safety, 
Keywords: balance traffic flows, maximize road usage by offering driver warnings 
and/or assuming vehicle control in dangerous situations, as well as provide 


Same hicl motorists with the best end-to-end transportation experience and reduce 
ail vente emissions, which are the most important goals of modern smart traffic 


control infrastructures. Exchanging data and integration of such systems with 
Traffic management Vehicle-to-Vehicle (V2V) may be a keystone to successful readying of 
V2V vehicular ad-hoc networks (VANETs) and will simply be the following step 
Vehicle safety of this evolution, with dynamic period of time data exchange between all the 
players of the traffic dominant system and fostering cooperative 
urban quality. One of the applications of this concept is to provide vehicles 
and roads with the ability to make road time more enjoyable and also to 
make roads safer. These applications are typical examples of what an 
Intelligent Transportation System (ITS) is called, whose objective is to 
improve security by using new information and communication technologies 
(NTIC). In this paper, we will focus on the study of the main component in 
ITS systems and present a review of the major V2V benefits related to driver 
safety by focusing primarily on the recent developments of these systems. 
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1, INTRODUCTION 

The area of vehicle to vehicle (V2V) technology is speedily developing and to addressing the 
transportation needs of citizens symbolizes the furtherance of technology and economic growth. Global 
mobility and development of many cities have significantly increased the number of vehicles on roads [1]. 
Due to the increase in the range of the vehicles, there is a massive waste of time, and an increase in pollution 
is happening and from other side the degree of traffic accidents have increased considerably. Not only 
vehicles, however conjointly pedestrians face the security threat from traffic accidents [2-3]. After years 
of analysis and standardization efforts, connected vehicle technologies are nearly able totake off and 
commercially viable and used bythe overall public in a very big selection of conditions, technological 
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advancements are rushing on the automated technology time toward this destination [4]. Traffic congestion 
has become a problem nowadays, leading significant cities to manipulate the technology to provide better, 
quicker and more efficient methods to gain access. The main cause of road congestion is the drastic growth 
of the traffic population. However, it can be solved through proper planned road networks and intelligent 
traffic management strategies [5]. This new paradigm of sharing road and traffic data among vehicles in real 
time systems can alter a range of applications for driver assistance, safety, traffic efficiency, urban sensing 
and infotainment to be incorporated into modern designs of vehicles [6-7]. Primarily planned to boost driving 
safety and enable crash prevention through the reliable timely dissemination of warning messages among 
vehicles. Connected vehicle technologies are expected to satisfy the ever increasing knowledge appetence of 
users on wheels entailing vehicle-to-everything (V2X) interactions as shown in Figure 1. Vehicles 
exchange information not only with other vehicles (V2V), but also can share data with Roadside unit 
(V2I), however with several alternative nodes within the vehicle’s neighborhood like the private 
communication devices of pedestrians, cyclist and charging stations [8]. 

















Figure 1. V2X communication system [9] 


Just in Europe, around 40 000 peoples die and 1.7 million are injured annually in traffic accidents. 
More than 16,000 crashes take place on U.S. highways every day. The reasons for an accident can vary with 
each different case mainly due to drowsiness, driver error, poor judgment, or distraction, driver age and 
gender, roadway movement and environmental conditions. The U.S. National Highway Traffic Safety 
Administration estimates that about 100,000 crashes are caused by driver drowsiness or fatigue each year in 
the U.S. alone. Thus, incorporating automatic active vehicle safety techniques such as driver detection and 
warning mechanisms, driver assistance tools in vehicles can contribute significantly to preventing accidents 
and enhancing crash survival [9-11]. New standards for connected vehicles offer unprecedented potential for 
data sharing and cooperation between vehicles. Vehicles are equipped with a range of on-board sensors, 
further as cellular and by using the IEEE 802.11p/1609.x family definition, known as the Dedicated Short 
Range Communication / Wireless Access Standard for Vehicle Environment (DSRC / WAVE), to facilitate 
vehicle communication supporting low latency, accuracy and reliability of data transmission required for 
V2V safety applications. These sensors and connectivity capabilities create opportunities for innovative uses 
for flow control, route planning, and road safety, among others [12-15]. Intelligent transport systems (ITSs) 
are considered to be one of the major building blocks of any smart city and it 1s nearly able to rollout with the 
aim of making the driving safer, more comfortable and smarter. Next generation ITS technologies, such as 
connected and automated vehicles, are finishing their last phase toward large-scale worldwide deployment. 
Testing of each technologies on public roads already started in different countries around the world, 
and serious efforts are current to control and mandate such near-future technologies. Because the autonomous 
and interconnected vehicle penetration in traffic will increase, many new services and applications are 
enabled [16-17]. These applications are a reality once emerging in vehicular networks, V2V and V2I 
communications are wide offered. This can be expected to be the case since have a promising future to 
improve traveler safety by providing warning to the drivers of dangerous conditions to take the control of 
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automated vehicles to have a more secure transportation infrastructure [6, 18]. Recent technological advances 
in V2V communications result in the subsequent question within the context of autonomous vehicles (AVYs): 
What traffic safety advantages and congestion relief will be bonded through the employment of V2V and/or 
I2V communication? [19]. The question is after we are able to deploy a fleet of absolutely autonomous 
driving systems that are literally safe enough to go away humans utterly out of the driving loop. A holistic 
solution are required, and should necessarily embody a broad appreciation for the range of challenges by all 
the relevant stakeholders and disciplines concerned [20]. Many research activities are presently being done 
by various organizations related to the real-time Vehicle to Vehicle (V2V) communication. Once absolutely 
enforced, V2V and V2I have the assist to help improve safety and reduce roadway traffic congestions. 
This article presents a review on the main innovations in V2V benefits related to driver safety. We mainly 
focus on the recent developments of these systems. In this review, we will analyze the main advantages and 
applications related to V2V system models based on 77 related articles published during the last 10 years, 
we present these benefits in a clear and extensive review: we first introduce the basic ideas of the automated 
vehicles based on V2V and point out the parts that will be different. Then, we classify the level of the 
automations standard according to their work that involved. The rest of the paper is organized in the 
following way: Section 2 presents the connected vehicle technologies, and list down the main devices used to 
connect the vehicles with each other based on different articles, Section 3 introduces the basic ideas and 
applications involved in existing V2V models extracted from various publications, Section 4 presents brief 
concludes the review. 


2. LEVELS OF AUTOMATIONS 

Every modern vehicle has some degree of automation, including lane centering systems, cruise 
control, braking systems, parking assist systems, accelerate under human driver supervision, technology that 
monitors the driver and even automated headlights and windshield wipers [21]. As cars become more 
advanced, it has become common to specify distinct levels of automation. According to the Society of 
Automotive Engineers (SAE) and the National Highway Traffic Safety Administration (NHTSA) are 
working separately but parallel development efforts, have published definitions of the levels of vehicle 
automation to provide a basis for communication of different concepts which had a taxonomy of the 5 levels 
of autonomy of vehicles. These levels ranging from level 0 which represent no automation state to levels 4 or 
5, which represent fully automation state (may require no driver at all) as shown in Figure 2 based on 
functional aspects of technology [22-23]. The level of automation for vehicles has been subject to a 
categorization and can be classified and applied to terminals and distribution centers. 
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ewe None equipment 
) Driving assistance (e.g. cruise control), but user Operation assistance (location of drop-off, storage 
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@ owe” Partial deceleration). User monitors environment and ready storage space (Warehouse and yard management 
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Figure 2. Automated Driving Levels [24] 


a) Level 0 (no automation): Vehicles and equipment operated manually, that represents commonplace 
mechanical operations. 

b) Level 1 (basic): A variety of accommodative driving assistance is provided for vehicles, primarily the 
ability to change speed under adaptive cruise control and still, the operator need to be in control 
at all times. 
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Level 2 (partial control): Below this level of automation the vehicle is able to undertake partial control 
and management such as acceleration, deceleration and steering under well-defined circumstances. 
Level 3 (conditional control): This level of automation is obtaining near really autonomous vehicles 
since most of the driving is automated and therefore the operator able to take control under request and 
more complex circumstances. The vehicle can effectively monitoring the environment by using 
different types of sensors. 

Level 4 (high level control): Represents true self driving vehicles ready to perform all the specified 
navigation while not intervention. This would require an active monitoring and constant of the 
environment and the capability to adapt to changes and also still, there is an option to manually operate 
the vehicle. 

Level 5 (fully controlled): A completely autonomous vehicle ready to operate in all possible 
environments without intervention, and also can be applied with the vehicle with remotely controllable. 
Users simply need to provide origin and destination information [23-24]. 


CONNECTED VEHICLES TECHNOLOGIES 
Connected vehicles represent vehicles that use any of a variety of different communication 


technologies to enable the communication with the driver, other cars on the road, roadside infrastructure. 
This technology can be used to improve vehicle safety, vehicle efficiency and commute times. In this section 
includes a short review of the state-of-the-art of Automated Vehicles Technologies (AVTs); including how 
connected vehicle technology cooperates and complements automation. AVT falls roughly into the categories 
of: perception, planning and execution (exerted through actuators) as shown in Table 1. 





Table 1. Automated Vehicle Technologies Used in Different Area of Applications 


Device Name Main Functionality Ref. 


LiDAR (light detection and ranging) functions similarly to sonar in that it emits and 
measures laser signals that bounce back to calculate the distance of objects around the [25-28] 
vehicle. 


Radar-equipped vehicles emit radio waves that bounce off of objects and return to a 


receiver to calculate the distance of objects around the vehicle ce) 


Arduino refers to an open-source electronics platform or board and the software used to [29] 
program it. 


Arduino 


Raspberry Pi is a low-cost device that allows people of all ages to explore computing and 30-32] 
RaspberryPi learn how to program in different types of languages. 





Raspberry Pi 
Ls aL. 


Dedicated short-range communications is a wireless communication protocol IEEE 
802.11p used to communicate directly with other vehicles (V2V), as well as with stationary  [2, 27, 33-39] 


CEA eee oe 





GPS is a radio navigation system that enables users to determine their exact location, 


speed, and time. [33, 40-43] 
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Device Name Main Functionality Ref. 


Cameras allows vehicles to identify types of objects such as cars, trucks, motorcycles, [42, 44, 45] 
pedestrians, emergency lights, etc. 


Route planning and navigation algorithms can be used in V2V system to select the shortest 

route to a destination, even accounting for heavy or blocked traffic and rerouting quicker 

alternate routes by pairing these features with GPS. Algorithms treat intersections, on- [25, 46-48] 
ramps, and exits as decision points and the roads that connect them as links that updates the 

vehicle’s location on the road in V2V system. 





Mapping 


The integration of sensors and data are an important element of AVTs. Data from [12, 27, 49- 
specialized sensors (fog sensor, OBU and ultrasonic) could be integrated in order to 51] 
understand the roadway environment. 





Sensors 


3.1. Applications Based on V2V Technologies 

V2V communication has many applications for today's fleets such as traffic management, direction 
and route optimization, driver assistance applications and Safety are categorized in Figure 3. Safety 
applications which is perhaps one of the most promising. In each year approximately 1.35 million people die 
as a result of road traffic crashes. Among vulnerable road users are more than half of all road deaths: 
pedestrians, motorcyclists and cyclists. Road traffic injuries are the main cause of death for children and 
young adults between the ages of 5 and 29 [52]. 





Directi d Rout 
Traffic Management Road Safety Py ee Driver Assistance 
Optimization 





Lane Keeping 


Traffic Monitoring Collision Avoidance Road Conditions 


Assistance 
Minimize Delay Collision Detection Path Selection Parking 
Minimize Congestion Prevent Secondary . Adaptive Cruise 
at Intersections Crashes Ei Control 
Travel Time More Efficient Improve Services Anti-lock Braking 
Dependability Driving and Tips Systems 
Reduced Need for 


New Infrastructure Blind Spot Detection 


Figure 3. Applications related to V2V 


3.1.1. Traffic Management Applications 

Traffic management considered one of the main application used in V2V and this application could 
be eliminated heavy traffic and congestion by using the shared communication system in cars as constant 
lines of communication allowing drivers to avoid high traffic and congestion. The strategy for road traffic 
management sets goals, roles, responsibilities and operational principles. This strategy takes into 
consideration the organizational change in the transport administration implemented for intelligent transport, 
and the current challenges in terms of transport system development. The V2V communication system 
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enhances traffic monitoring, management and adapting the schedule of traffic lights to reduce average delay 
and travel time. Provide the wireless communications to the traffic signals, traffic flow to the drivers so that 
the drivers can get adequate information to drive and could presents a new concept for traffic-flow- 
optimization [53-54], by using wide measuring of the oncoming traffic [55]. These applications used to 
evaluate the effectiveness and efficiency of giving control techniques [56] and fully distributed traffic 
information systems that enables traffic self-organization in smart cities [57-58]. The Traffic Monitoring 
Center (TMC) can support incident monitoring and management by exchanging vehicle information, 
roadside units (RSU) and infrastructure nodes [59]. Early availability provides drivers with traffic 
information as early as possible in order to allow them sufficient time to respond. The real-time accessibility 
provides available necessary traffic information at the fingertips of the drivers [59]. Road intersections are 
currently managed by stops or traffic lights for improving the safety. There is a growing interest in the 
efficiency and safety of intersections. The delays due to stop signs and red traffic lights significantly increase 
travel times. Allow imagining solutions for crossing an intersection or a roundabout more efficiently. 
With decentralized coordination between vehicles based on the freedom degrees that each vehicle has 
available to avoid collision [60]. A design of traffic simulation models for such vehicles for exchanging 
information to reduce the average delay and minimize traffic congestion for vehicles could be clearly seen in 
[48, 61-65]. An experimental model and simulation for pertaining the performance of IEEE 802.11p 
communication standard is used in [28] and robust decision support tool for cooperative traffic simulation 
[46]. Other benefits related to the traffic management is to increase the actual occurrence of planned direct- 
passenger transfers [66] and creates an intersection environment for road users and operators [32] to bridge 
the gap between traffic flow modelling and communication approaches [67]. The hope is that V2V 
communication would allow drivers to better navigate streets and detours together and in turn reduces time 
spent sitting in traffic and better control the flow of traffic as well both on highways and side streets. 


3.1.2. Safety Applications 

VANETs safety application are an emerging technology that will soon be introduced into daily life. 
Many Intelligent Transport Systems (ITS) services that are nowadays performed with expensive 
infrastructure, like reliable traffic monitoring and car accident detection, can be enhanced and even entirely 
provided through this technology [68]. The ultimate objective of VANET safety applications is to prevent 
and reduce the number of road accidents which represent a delay sensitive application category, therefore to 
reduce the delay V2V communication is used in this category of applications [6]. Mapping the Advanced 
Safety Applications to the Specific Pre-Crash Scenarios [18]. Collision avoidance support systems (CASS) 
are now one of the most important areas of interest in road transport. These vehicle-based systems to avoid 
collisions by exchanging different types of useful information in (V2V) and (V2I) are among the different 
approaches. This information is transmitted in V2V and V2I systems to prevent accidents and provide 
assistance to drivers which present the most promising perspectives [30, 69]. In order to improve the safety 
of driving in urban environments. These systems provide warning signals for the driver in the case that any 
unexpected traffic circumstance is detected, the system can act to alert the driver of collision risk and the 
system will be capable of autonomously avoiding collisions in traffic jam then provide incident reports based 
on V2V [7, 31, 47]. The system estimates an accident duration based on the time passed since the accident 
and provides an alternative route for vehicles approaching the accident zone to decrease waiting and travel 
times and avoid traffic [70]. The sharing of information between vehicles is considered to change traffic 
operations and enables motorists to take more proactive action to examine whether this expectation is 
achievable or not to reduce the risk of secondary accidents, a key objective of effective traffic incident 
management [38]. DSRC is an enabling technology that enables vehicles to communicate with each other in 
order to give the driver and/or the vehicle advance notice or warning to mitigate potential collisions. Ideally, 
the DSRC device could detect potential dangers before the driver could see them, such as intersection 
collision or a leading vehicle's sudden braking [71]. The possibility of low-cost communication opens up new 
opportunities in the safety management. For that reason, considering semi/fully autonomous car or smart 
vehicle, it is necessary that the car is capable of communicating. 


3.1.3. Direction and Route Optimization Applications 

One of the reasons fleeting, often invest in fleet management systems is to help optimize routes so 
drivers can get to their destinations as efficiently as possible. Vehicle communication could potentially 
provide drivers directly through the communication system with travel-related information. This can deliver 
maps, destination location and even route optimization tips. With the development of vehicle communication 
technologies, information can be shared between vehicles with different types of useful information, such as 
road conditions, with the aim of providing vehicles with a map of their vicinity on the map using V2V and 
V2I systems [30, 72-73]. Sensors will acquire real-time road conditions data to help drivers respond 
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effectively and improve traffic efficiency by sending appropriate vehicle-to-vehicle messages to integrate 
available data and enhance the accuracy of vehicle location information [74]. Improving the accuracy of 
vehicle location and reducing the impact of multi-sensor data fusion algorithms computing time and vehicle- 
to-vehicle communication on parallel architectures could be a good solution to sensor gaps. It would allow 
vehicle makers to equip their products with several inexpensive embedded proprioceptive and exteroceptive 
sensors [41]. Application of road congestion can provide drivers with the best routes to their destinations and 
also determine the best timetables for traffic lights along the overall routes that could potentially increase 
road capacity and prevent traffic jams [6]. Providing service for the vehicles that get stuck in the tunnels 
where there are merely any resources available. As GPS data and RSUs are not available in the tunnels, 
a focus on providing the resources to the needy vehicle by means of data transfer through multihop in 
clustered vehicular cloud networks is presented in [45]. The key to seeing these benefits will be widespread 
acceptance of the technology in all types of vehicles. A fresh idea to provide availability of the localization 
system and improve vehicles to exchange information with an appropriate forwarding scheme among them. 
These efficiency applications used to aware of the vehicle location and aiming to improve their mobility 
within the public roads and availability since the drivers need of the information to make decisions during the 
trip which becoming the voyage more secure [6]. Finally, when a bigger range of vehicles has V2V 
technology, the datareceived from different vehicles will be used to provide real time information to 
optimize the route. 


3.1.4. Driver Assistance Applications 

Also known as Advanced Driver Assistance Systems (ADAS) are technologies that make motor 
vehicles safer by improving, automating, or adapting some or all of the tasks depending on vehicle operation. 
With the aim of decreasing the number of deaths and injuries caused by traffic fatalities, ADAS developers 
try to automate the traffic perception and, in general, the driving task [69]. V2V communication can provide 
a platform for data exchange, expand driver support and facilitate the development of active vehicle safety 
systems. Driver assistance is provided by means of co-operative vehicle communication to adapt and/or share 
information or warnings to the drivers [9]. One of the primary active help systems supported interception 
sensors is focus on braking system, then traction control [75]. The next generation of driver support functions 
based on exteroceptive sensors are used ultrasonic sensor and rearview cameras to better assist the driver to 
focus on providing driver information and warnings and improving driving comfort [75]. Driver support 
includes simple systems such as anti-lock braking and complex systems such as fully autonomous hardware 
and driverless software. More complex systems that take control of the car include technologies such 
as machine vision, artificial intelligence (AI), radar, lasers and various positions-detecting technologies. [9]. 
Recently, many safety applications using V2V technology, including Forward Collision Warning (FCW), 
Intersection Movement Assist (IMA), Blind Spot Warning and Lane Changing Warning (BSW and LCW), 
Do Not Pass Warning (DNPW) and Control Loss Warning (CLW), to pre-crash scenarios that can be 
somewhat addressed by V2V technology [18, 76]. Forward collision prevention systems using inexpensive, 
low-range and low-resolution versions of lidar sensors are currently being used for low speed applications 
[75]. Red Light Violation Warning (RLVW), Stop Sign Violation Warning (SSVW)_ systems, 
Road Departure Crash Warning (RDCW) is a combined application of Lateral Drift Warning (LDW) and 
Curve Speed Warning (CSW) [18]. Many of the published approaches are provided for advanced driver 
assistance systems (ADAS) instead of autonomous vehicles, but the difference becomes insignificant because 
of the gradual transition from ADAS to autonomous vehicles which are reasoning, environment, 
infrastructure, obstacle recognition and path planning and finally the automated driving [77]. 


4. RESULTS 

We have analyzed several topics that are relevant from the point of view of data management and 
summarize some lessons learned from different publications. Automobiles and the infrastructure that 
supported driving has been in a slow state of evolution for more than 70 years. The pace of transformation in 
transportation technology to enable smart drivers has accelerated in the last two decades through the adoption 
of ITS, GPS, and in-vehicle safety systems. The industry is currently moving towards the transformative 
phase of technology evolution leading to smart cars. In order to better represent the actual context 
(parameters such as lane changes, high influence areas, traffic lights, and the use of topographical 
information provided by maps), we believe that specific attention must be given to mobility models. 
Simulation testing of these large scale communication schemes requires these models. Furthermore, 
in research carried out for vehicle networks, traffic models an interconnections with other networks must 
be considered. 
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5. CONCLUSION 

In this paper, we have presented a comprehensive review on the V2V communication system and 
attempts to evaluate the safety benefits of various connected and automated vehicles technologies, 
in combination, and in terms of economic costs and functional life-years saved. The growth of these new 
technologies has triggered an incredible transportation system evolution over the past few years. 
This evolution aims at making V2V system safer, more reliable, more effective and more environmentally 
friendly without necessarily modifying the hardware of the current infrastructure. As a part of our future 
activities we are planning to implement such a comprehensive framework and real time system for V2V 
system and focusing on large-scale deployment, configuration, operation and maintenance issues. The V2V 
communication technology is in theory a great way not only to further personalize the driving experience, 
but also to make drivers safer on the roads by giving them communication lines with each other. Because it is 
still relatively new, however, it will probably be a while before affordable vehicles are more widely 
available, making a vehicle with V2V communications more luxurious than a necessity at the moment, 
and we can conclude on such systems as these. 
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